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•dupljcati 

BXECTROCHEWaCAi cm. FOK-l 

Keiaofthetavention ^^ducdon if met* ftom oxides present in 

TO. invention rdaJes to ne^ods fot the pr 

^caUy uranto. <>f P^^^* " fo, as feeds in 

rfteadi^ftelsfaP^d-ingacMdesm-netalUcto 

Background to the Invention ^^^^^^^^ ^ of 

es«bUshed art. two prooes^ _ ,^ a. herein, the term "molten 

^ehmelt at a temperature up to al,out 100°C 

t« nse of chemical oxidants (chlorine and 
^ Dimitrovgrad SSC-MAR process makes ns 

„.^^,toreact™..w--^^^^^^^ 
State cpmpomds such as UO.Ch. w ^^^^^^ 

forming a dendritic deposit. -Dus proc 
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. 1 bv me Argonne National Lal^oratory (AKL) is 

The second process, developed by ,^ent to anodically 

^aamen^yanelectrore^^— ---"^.^^^^^ ,.,.^.ae 

oxidise manium to form .rammn .ons m th 
^„«mmntared»=edandelec«odepos.tedas..de«ir*c 

, W If oitido fuds are to be treated, it is 
■ The ANL process requires a metal f _ ^ ^ 

„^ to reduce ^ ^^.f^^^JmetalhtaUClorUCl^a 
.eduction process U carrBd out ch^mcaHy. u 



™,«n sal, or a li/Cd aUoy. at 500 to 600=C. Alternatively, a salt ^crt process 
ca. be used involving a Cu-Mg-Ca alloy and molten CaCh salt. However, m both 
,^^on methods «ae by^ro*^. LUO and CaO re^vcly. need to be recovoc^ 
fton. fte molten salt phase by an electrolysis step. E»odvely this means a two stage 



5 process. 



A disadvantage of fte lithinm reduction process for producing a metalHc feed ftom 
an OKide is the production of U.0 by-product This re ^ n=cycle to make the 

10 Hence this is a two stage process, comprismg a reducdon step foUowed by a httaum 

recovery stage. 

b co-Ending PCX paten. appUcadon WO 01/41152 4ere is di^losed a single st^ 
process for reducing to metalHc form a me« o^dde p«sent in spent nncle^ fuel, *e 
15 process comprising cathodicaHy elec.«>lysing ^ oxide in ^ presence of a molten 
L electrolyte. *e potential of the cad.ode being con^olled so as to favour o^ 
ionisadon over deposition of Ae metal ftom flic cations present in the molten salt 

Tie process thereby involves ti>e use of a single elec^ochemical process to reduce 
.0 *e metal cdde «.l to a metalUc form, wi* oxygen, CO or CO. produced as on^y 
^.products. The potential of *e cadiode is maintained and controlled so 4a. only 
olygen iouisation occurs and not *e deposrtion of meUl (eg Ca) ftom the catxcns (eg 
Ca io^) in &e ibsed salt Topically, the oxide comprises an actinide oxide, such as 
uranium oxide or irradiated uran&m oxide. 

Tie present inventors have, however, now effected an improvemen. to ,he process 
described in WO 01/41 1 52 which allows a more practical, efficient ^ fiscally 
■ viable process to be adop.ed in Re production of metals tan J^ "^ 

^ is particutely beneficial in *at i. faciUtates 4e removal of bolted and 

30 ,crewedflttingsftom1tow«^'^"°'*^I™*^''°°°'*°""^- 
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Statements of Invention 

Ttus, according to a first aspect of &e present invention there is provided an 
apparatus for perfomung a process for reducing to metallic form metal oxides, the 
said apparatus being free fi8m bolted or. screwed fittings, and comprising an 
5 electrochemical cell which comprises a body or housing, a cathode container, and a 
cathode connector, wherein said body or housmg is maintained as the cathode. 

Ihe body or housing of the cell which comprises the ^paratus according to the first 
aspect of the invention is most conveniently maintained as the cathodes by the 
10 provision of an electrical comiection from a power simply, provided by means of a 
comiector from the cathode terminal to the body or housing of the ceU. Typically, 
said comiector comprises a bolted comxection, but this is positioned externally to the 
cell • No bolted or screwed connections are present within the cell, wherein a cathode 
comxector is provided which is affixed to an internal surface of the ceU, most 
preferably the base of the cell, generally by welding. Preferably said cathode 
connector comprises a cathode rail. 

m operation, the body or housing of the ceU is maintained as Ihe cathode, and said 
cathode is brought into contact with ti.e cathode container by means of Ihe cathode 
comxector. Thus, contact is made between the cathode container and the cathode 
comxector in order to faciUtate the electrolytic process. Contact may be most 
conveniently achieved by means of a simple press connection between the two 
components. 

The cathode container preferably comprises a basket, such as a mesh basket, or 
vessel, typically ametal oxide retaining vessel, and - most preferably - comprises an 
assembly of suchbaskets or vessels. In order to effect electrical connection between 
such an assembly of cathode containers and the cell body during operation of the cell, 
it is necessary to provide a multiplicity of comxectors and to effect contact between 
individual cathode baskets or vessels and individual comxectors, preferably by means 
of a multiplicity of press connections. 
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p^ly 4e oxide i. in contact witi the cafl>ode container and it is preferred that 
the cathode i. inthefcrmof ameshbaaketor. most preferably, an assembly of mesh 
baskets, mtir the oxide being contah^d within ttosaid baskets, m this case, contact 
be^.een the assembly of cathode containers and the cathode comtectors « most 
simply achieved v*en the cathode compters are in the form of a mnltipUcie, of 
cathode rails which are welded «, the base of fte cell. aUowing press contact to be 
brou^t about by the weight of the oxide feedstock in the cathode basket Tins 
.^.s the most preferr^l embodiment of the first aspect of the invention. The 
-a n ode n a y b e ^ iy snitaMe i n ert mode, such as carbon. 



According *> a second aspect of the p«sent invention, there is provided a process for 
Ms to metaffic form metal oxides, tto process comprising cathodicaUy 
electrolysmg the oxide in the presence of a molten salt electrolyte m an apparams 
according «, Are ftst aspect of fte invention, the potential of the cathode being 
cont«>lled so as to fevour oxygen ionisation over deposition of metal 6om the cahon, 
present in the molten salt 

The molten salt electrolyte may be any suitable molten salt or mixture of sudr salts, 
for instance chloride salts, preferably CaCl2 andyor BaCb. 

Pref«ably. the oxide treated by the process according to the second aspect of the 
tovendon comprfaes an oxide p«se«. in sp^ mrclear ftel. TypicaHy. the oxtde 
comprises an actinide oxide, snch as uranium oxide or irradiated uranium oxide, or 
mixed nraniumyi-lutonimn oxides, Tto uranium oxide is commonly uranium dioxxde. 
Alternatively, the oxide may comprise *e oxide of a metal such as zirconium or 

to such a process, wherein the oxide comprises an oxide present m spent nuclear fud. 
to fud m^ be first treated mechanically to remove its zircaloy cladding before « ts 
,dded to the electrolytic cell. Alternatively, the zircaloy cladding may be treated wrth 
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t,ealmentinord«to«po«theoxide&eltoa«moKaisalt 

said oride may be in ^ physical form, and to is genially dependent, on 4e 
particular chemical na*™ of the spent mxlear fuel and the processing to v*ch the 
material has previously been subj«=.ed. For «^ple. d» fed may compnse a 
powder, an amorphous mass, or a dense soUd agglomerate. In any event, fte matenal 
^ be treated according to the method of the second aspect of the present im,en..on 
by oonnecdon to an elecWcal circuit such ftat i. serves as the catode 
electtolysis; as previously disclosed, coonecdon to the ci^uit may be convemently 
efiected by the use of a cathode basket, into which the material rs placed. 

Tie process provides a sin^e electtochemical process reduce dre metal oxide feel 
,0 a metalUc forn. with oxygen produced as .he only by-pro*tct Tte potenOal of 
4e cathode is maintained and controlled so that only oxygen ionisation occurs and 
no, the deposition of metal (eg Ca) ftom4e cations (eg Ca ions) m the fused salt 

■n^ process according to the second aspect of the invention provides a more 
pracdcal, efficient and financiaUy .viable means for the production of metal fix.m 
oxides Tie electrical continuity of .he system which is provided is efleCive since all 
fte components are held in the cathcdio potential region and are. therefore, metalltc 
in nature, 

DetaBed Description of the Inventioii 

to order to carry ou, an embodiment of the process accoriing «, the second aspect of 
the p^sent invention, using a metal oxide which comprises spent nuclear feel, an 
ele^olydc ceU is assembled which.has a carbon anode, a mesh basket cathode and a 
cathode rail connector welded to the base of the cell, faad^ed oxide feel is placed 
in the mesh basket The elecOolyte consists of a molten sal. or a mixture of such 
salts comprising, for example, chloride salts .uch as CaCb or BaCl. A voltage ts 
appUedbetweenftecaflaodeandO^ancde. At &e cathode the reaedon mvolves fl>e 
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„ *e surface of the solid. Mowed by iomsatio 
asasion of oxyg«i a«oms <o the suilac 

according to the reaction-. 

0, + 4e--*2b^. ^^dec^iyteandaretrsnsfereato 
o^de ions which sre cO or CO. S^es. 7^ 

^ anode where they are , ^ ref^ce electrode, to e„s^ 

pountial at the ca*ode ^ be -"^J" ^ ,o, deposition of 

— °--^^:t.^rmec.rolysisateleva.ed.e.np.ranrres 

eg cametal ftom the canons m ''^f^^^^^^^^^^^j,^^ 
-re g , il tai nmin <-«asedjati-"f "^"'i'''"'^'"™ 




10 rMhertenmetaldepostion. 

, i» left ffl the fom of a metaUic solid at the 

Ailer electrolysis the irrad^ted fuel 1 ^ ^ „ 

c^^ode. ms nretalUc soUd. v*rch — " ^ ,^ponen« 
ti,^ feed for an electrorefmmg process. 

^ed direcfly as ^^^'^^^ ^^^^^ any cleaning. 

15 of the cell m be re-used inimediateiy ^vx 

, ^ alternative embodinae. ^ r^^^L^Llet^roI 
electrolytic ionisation of oxygen and the ^^^J^, ^^e. or cathode 
ttesan^ceU and Aesanre salt system. ^^'^ 

20 assembly, n^yl'e^l"^ 

„..beemphasisedthat.e.™^cof.e^^^^ 
^entionis«the,«li.atethepe*»>^c=^^^^^^^_^^^^ 
^ch provides advantages over the pr.or ^^^^ 

^ other featores of the apparatus according to 
U order to M.y -be above scope of ^ 

30 tefet aspect of the mvention-wt^ontm any v»y 
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. tov««ion, a prefer embedments will now be described xefaence to the 
drawing. 

Description of the Drawing 

5 Figure 1 shows an apparatus according to the first aspect of the invention whxch 
comprisesaseries of electrolytic cells, the bodies and housings ofwhicharcmuse, 

connected bymeansofcathoderailsltoca1hodebaskets2. m cells also comprxse 
anodes 4. surrounded by anode protective sleeves 3, and connected to an dectncal 
supply by means of electrical connections 6, these being protected by insulation 
10 shrouds 5. 

m operation, the cathode b^kets 2, which are equipped with basket handles 8. cooled 
by means of cooling dtambers 7. are loaded with spent nuclear fuel pellets and 
lowered tato the electrolyte 9 to a point a, which contact is made wid. cathode rads 1 
15 and. toreby, with the ceB housmg, vAich is maintained as the cathode, thereby 
allowing processing to commence. 
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. f^Wormto" a process for reducing to metdHc form metal 
apparatus for performm P ^ 

rlrTir Lu^rcompnses a or .0.^. a 
a cat^oae com.ec.or. ^e. or .us.. Is 

maintained as the caihode. 




to an internal surface of the cell 



. • 1 • 0 wliPrein said cathode connector is affixed 
3 An apparatus as claimed m claim 2 wherein saia ca 

to an internal surface of the cell by means of weldmg. 

,3 , Anappara^asclaimedh.anyoneofclaimsl,.or3wherein^^^ 

iLn^om the cathode container to body or housmg of the ceU .3 

provided by means of a cathode connector. 
3 A. apparatus, as claimed in Claim 4 .hereh. said electrical co^^^^^^ 
20 providedbymeansofapresscomiection. 

1 • ^ in anv preceding claim wherein said cathode 
6. An apparatus as clamed m any preceoi „ 

connector comprises a cathode rail. 
, , ^appara^asclalmea.Calm^ — sal.ra.ls^Mea.o*.^of 

the cell." 

„a.usa.cla^inau,preceair.,ola^«.e.em--^^ 
lIrcom^ameshW.etormetalo.ideretammgves3el. 
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container compmea an assembly of caftode ooutataers. 

10 An appa«*^ as claimed '^c^ ^^ ^d 'assembly comprises an 
assemblyofmeahbasketeormetaloxidere^vessels. 

„. Anappa«tusasclaiMedin».ypreeedingo,ata.^t1.eanodeisaca.bon 



anode. 



10 12. 



An appara^ascUin^edinanyprecedin, Claim v*e.eln«.ebo^^^^ 
of «>e ceU is —ed as the cathode by 4. p~ of an electocal 
connection ftom a power supply to the body or housing of the ceU. 

A process for reducing to n^talUc fcrm «.tal oxides, process comprisiug 
tlacaUy electrolysins ^ o^de in the presence of a m.t. ^ 
decrolyte in an apparabrs as claimed in any one of dauns 1 to U, d>e 
tr^r of ^ ^ bein. controned so as to ^vour oxy.^ tomsatt^n 
over depositionofmetalftomtirecaaonspresentinthe molten salt 

A orocess as claimed in claim 13 wherdn the body or housing of 4e cdl is 
as «.e cathode and is brou^t hrto contact ^ c^^ 
Intainer by means of a press connection . bet«en said contatn. ^ 
cathode connector. 

1 . A- .uirr. 1 or 14 wherein ihs oxide comprises Ihe oxide 
25 15. A process as claimed m claim 13 or 14 wner 

of ^conixim or hafiuum. 

, . A- 1 orl4 wherein the oxide comprises an oxide 

16. A process as claimed m clam 13 or 14 wnerem 

present in spent nuclear fuel. 
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, • Air. daim 16 wherein the oxide comprises an actinide 
17. A process as claimed m ciann io wxicx^ 

oxide. 

18 A process daimid in claim 17 wherein the actinide oxide comprises 
^nm oxide, irraaia^d^ni^oxia. or mixed —plu.onnm>o.^ 

fuel pellets. 

1 • 10 -.x/Vim-Mn the uranium oxide comprises 
19. A process as clahned m claim 18 wherem tlie uram 

iTranium dioxide. 



, . 4r loj^c 1 ^ to 19 wherein the oxide is located in 

20. A process as claimed m any of claims 13 to ly wnerem 

a mesh basket which forms Ihe cathode. 

, . A ■ a«., of claims 13 to 20 wherein the molten salt 

21. A process as claimed m any ot claims tu 

15 electrolyte comprises at least one chloride salt. 

22. Aprocessasclaimedinclaim21whereinthechloridesaltisCaCl.orBaCl.. 

23. Aprocessasclaimedmanyoneofclaimsl6to22whereinthe^elistreated 
20 together with its cladding. 

* io;«,c, tn 22 wherein the cladding is 

24. A process as claimed in any one of clamis 16 to 2Z wner 

' removed from the fuel prior to treatment. 
25 25 A process as claimed in any of claims 13 to 24 wherein the metal resulting 
• ' fromtheprocessisusedasthefeedforanelectrorefiningprocess. 

26 A process as claimed in cl^ 25 wherein tiae eleCtroretog process is 
caledoutin^esameelectrolyticcellastheelectrolyticreductionprocess. 
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27. Anappara^-oriingtocUimlandsubst^ashereindescribed. 
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28. Aproce»ac»rdingto=laiml3=ndsub^tiaUyasha:dnde«fbed. 
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ABSTRACT 

The invention provides a process for reducing to metallic form metal oxides, the 
process comprising cathodically electrolysing the oxide in the presence of a molten 
5 salt electrolyte whilst controlling the potential of the cathode so as to favoiar oxygen 
ionisation over deposition of metal from the cations present in the molten salt, and aa 
apparatus for performing the said process, the said apparatus being free from bolted 
or screwed fittings and comprising an electrochemical cell which comprises a body 
nr hniiging a r.flfhnHe cnntaiTier. , and a cathode connector, wherein sai d bodv OX 

10 housing is maintained as the cathode. The process provides a shagle electrochemical 
process to reduce the metal oxide ftiel to a metallic forai, with oxygen produced as 
the only by-product, and offers a more practical, efficient and financially viable 
means for the production of metal from oxides than is available from the prior art. 
The metallic solid which is produced can be removed or used directiy as the feed for 

15 an electrorefining process. In an alternative embodiment, the electrolytic ionisation 
of oxygen and the electrorefining processes are carried out in the same cell and the 
same salt system. 
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1 Weid cathode rail 

2 Ca&Lode basket. 

3 Anode protecxive slesve 

4 Anode ' 

5 „ JnsnlaHon shroud 

6 Anode electrical connectioxL 

7 Cooling chamber 

8 Basket handle 

9 Electrolyte 
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